Objective: To estimate the effect of parity on gestational age (GA) at birth in multifetal pregnancies.
Introduction
Preterm birth is the leading cause of neonatal mortality, accounting for approximately 75% of all perinatal deaths. 1, 2 Currently, about one quarter of all preterm births occur in multifetal gestations. 3 One-half of twins and nearly all triplets are born prematurely. 3, 4 A greater understanding of factors that contribute to preterm labor in multiple gestations is necessary to provide appropriate counseling and for developing effective monitoring and treatment plans.
One factor that has not been extensively explored is the independent effect of parity on gestational age (GA) at delivery in multifetal gestations. Salihu et al. 5 examined the effect of parity on fetal mortality in triplet gestations from 1995 to 1997. They found that gestational duration for nulliparous women was significantly shorter than that of parous women (32.2±0.2 versus 33.0±0.1 weeks). Tarter et al. 6 evaluated the effect of parity and a history of preterm delivery on the outcome of twin gestation. They found that nulliparous women delivered at an earlier GA than multiparous women without a history of preterm delivery (34.4 ± 3.2 versus 35.3±2.7 weeks). Aina-Mumuney et al. 7 reviewed 1035 delivery records and found that nulliparous women with a multiple gestation delivered approximately one week earlier than parous women. These studies suggest that having carried a prior pregnancy may be protective against preterm delivery of a multifetal gestation. However, a systematic examination of the effect of parity on gestational duration in multifetal gestations after controlling for other factors has not been conducted using a large database.
The goal of this study was to validate and expand upon earlier studies by comparing the GA at delivery of all multifetal pregnancies in the United States from 1995 to 2000, and compare the GA at delivery between nulliparous and parous women. As the occurrence of multifetal pregnancies increases, in part due to advances in assisted reproductive technology (ART), 1, 3 it is increasingly important to understand factors associated with preterm labor in this group.
Methods
Birth data from the public-access Matched Multiple Birth File produced by the National Center for Health Statistics from 1995 to 2000 were analyzed following IRB approval. 8 The Matched Multiple Birth File, developed by Martin et al., allows for analysis of characteristics of sets of births, rather than just analysis of each birth record; this allows for comparison of maternal characteristics for each pregnancy in the data set. 9 To reduce the risk of identification for those included in the data set, only twin, triplet and quadruplet pregnancies are included. The matching process required three stages and resulted in a cumulative total of 98.8% of twin and triplet records matched, and over 98% of all records matched.
All births that included a fetus with a chromosomal or congenital abnormality were excluded. Births at less than 20 weeks gestation were also excluded. Birth order was reported so that it was possible to determine how many previous children the mother had delivered. Two parity groups were constructed: nulliparous and parous. GA at delivery, in weeks, for twins, triplets, and quadruplets was determined for each parity group. Maternal characteristics of twins, triplets and quadruplets were compared for each parity group. The only race categories provided in the data set were White, Black and Other. Hispanic origin was provided, but was not broken down into White Hispanic, Black Hispanic and so on. Characteristics available for analysis therefore included maternal age (<20, 20 to 34 and >34 years), race (Caucasian, African American and other), Hispanic (yes, no), education (<13, 13 to 15 and >15 years), prenatal care start date (none, months 1 to 4 and months 5 to 9), and smoking status during pregnancy (yes, no). Analysis of variance, independent samples t-tests and w 2 analyses were conducted using SPSS version 15. Significance was set at 0.01 due to the large number of cases contained in the data set.
Multiple regression analysis was used to estimate the relative effect of the independent variables of parity, age, race, education, prenatal care and smoking on GA at delivery. The multivariable regression model controlled for the presence of maternal medical risk factors (anemia, cardiac disease, lung disease, diabetes, hemoglobinopathy, chronic hypertension and renal disease), complications during pregnancy (oligohydramnios, incompetent cervix, previous preterm birth, Rh sensitization, uterine bleeding, pregnancy-induced hypertension, eclampsia, abruption and previa) and the use of induction agents. Maternal characteristics differed significantly as a function of parity (Table 1) . A significantly higher proportion of nulliparous women pregnant with twins and triplets were Caucasian and had more than 15 years of education and a significantly higher proportion of nulliparous women pregnant with quadruplets had more than 15 years of education. A significantly lower proportion of nulliparous women pregnant with twins and triplets were Hispanic. A lower proportion of nulliparous women were over 34 years old, although this was not significant for women carrying quadruplets. Nulliparous women were significantly more likely to be nonsmokers and nulliparous women pregnant with twins or triplets were more likely to begin prenatal care between months 1 and 4.
Results

From
GA at birth of twins, triplets and quadruplets was significantly greater when the mother had previously had a child (Table 2) . Average gestation was 5.6 days longer for twins, 5.4 days longer for triplets and 6.8 days longer for quadruplets.
As the maternal characteristics of race and education differed significantly as a function of parity with twins and triplets, subgroup analyses were conducted to estimate the effect of parity at each level of education. Caucasian and African-American parous women delivered their babies at a later GA than their nulliparous counterparts at each level of education ( Figure 1 ). For triplets, the interaction between parity and education was not significant as the difference between nulliparous and parous women did not differ at each level of education. For twins, the interaction of parity and education was significant as there were small differences between parous and nulliparous women at the different levels of education.
A similar analysis was conducted to examine the effect of parity at different maternal ages ( Figure 2 ). GA at delivery increased as a function of age of the mother in nulliparous and parous women, and at every age level, parous women delivered their babies at a later GA. The interaction between parity and age was significant for twins as there was a slightly larger difference between nulliparous and parous women between the ages of 20 and 34. There was no significant interaction between age and parity for women carrying triplets.
A higher proportion of nulliparous women delivered before 24 weeks (twins: 2.9 versus 1.2%; triplets: 5.9 versus 2.5%; quadruplets: 8.3 versus 2.6%, Figure 3 ). The percentage of twins born at or after 32 weeks was 84.9% for nullipara and 90.1% for parous women; for triplets, corresponding figures were 61.4 and 69.6%; and for quadruplets the figures were 33.2 and 44.2%. The percentage of births at or after 36 weeks for nulliparous and parous women pregnant with twins was 54.8 and 63.2%, respectively.
GA was examined as a function of the number of previous deliveries ( Figure 4 ). The majority of the gain in GA was observed between women who had no previous births and those who had one previous birth.
Maternal medical complications and complications of pregnancy were assessed next. Anemia was significantly higher in parous women pregnant with twins (2.7 versus 3.4%, P<0.001) or triplets (3.4 versus 3.7%, P ¼ 0.008) but not quadruplets. Differences in prevalence of cardiac disease, lung disease, diabetes, hemoglobinopathy, chronic hypertension or renal disease between nullipara and parous women carrying twins or triplets were less than 0.3% and there were no significant differences between nullipara and parous women carrying quadruplets. Oligohydramnios was significantly higher in nulliparous women pregnant with twins or triplets (twins: 2.2 versus 1.7%, P<0.001; A multiple regression analysis was generated to estimate the effect of parity on GA at delivery when controlling for factors that could potentially affect preterm birth rates (Table 3) . In all cases, parous women delivered nearly a week later than nulliparous women. Other significant variables influencing GA at delivery for twins and triplets are shown in Table 3 . For quadruplets, the only factor significantly associated with GA at birth was parity and maternal age greater than 34.
Discussion
GA at delivery is significantly increased in parous women compared to nulliparous women. Mean increase in gestation was 5.6 days for twins, 5.4 days for triplets and 6.8 days for quadruplets. These data are consistent with previous observations that mean GA at birth was increased by 5 to 6 days in multiparous women pregnant with twins or triplets relative to nulliparous women, 5, 6 but they extend these observations by demonstrating that parity continues to have a significant impact on duration of gestation after controlling for several other potential risk factors.
Striking differences were observed in the distribution of GA at birth as a function of parity (Figure 3) . A higher proportion of twins, triplets and quadruplets of nulliparous women were born before 24 weeks, when probability of survival is decreased. 1, 3 The difference in the distributions also resulted in a higher proportion of twins, triplets and quadruplets of parous women being delivered at or after 32 weeks. Survival rates for singleton infants born at 32 or more weeks gestation is close to 100%. 1, 10 A recent study of 36 931 singleton, 12 302 twin and 2155 triplet births from 124 neonatal intensive care units throughout the United States found no significant differences in mortality among singletons, twins and triplets born at any of the GA ranging from 23 to 35 weeks. 11 Parity may therefore translate into increased survival among babies born to multiparous women. GA-specific survival without significant morbidity was also similar among singletons, twins and triplets born at any given GA. 11 In light of these authors' conclusion that the primary and dominant factor that affects the higher rates of mortality and morbidity for multiple births is prematurity, 11 further study of the factor(s) that contribute to the increase in the Univariate analysis of variance: effect of parity, effect of age, interaction (parity and age).
Triplets: parity, P < 0.001; age, P < 0.001; interaction, NS Twins: parity, P < 0.001; age, P < 0.001; interaction, P <0.001 Figure 2 Effect of maternal age on gestational age at birth of twins and triplets born to nulliparous and parous women.
Parity and gestational age at delivery S James et al proportion of twins, triplets and quadruplets born at a later GA to parous women is warranted. The influence of the use of ARTs on this study's findings is not clear. ART is generally associated with an increased risk of preterm birth, predominantly through an increased rate of multiple gestations. 12 The Centers for Disease Control and Prevention National Center for Health Statistics has estimated that the contribution of in vitro fertilization (IVF) to the overall triplet and higher order multiple birth ratio was approximately 40% in 1996 and 1997. 13 An additional 40% of multiple order births were attributable to ovulation-inducing drugs without IVF and approximately 20% were attributable to spontaneously occurring Analysis of variance for twins or triplets, both P < 0.001; for quadruplets, P = 0.002.
Post hoc comparisons between 0 and 1 previous birth for twins, triplets or quadruplets, P < 0.001.
Post hoc comparisons between 1 and 2 previous births for twins, triplets and quadruplets, NS. Figure 4 Effect of number of previous births on gestational age at birth of twins, triplets and quadruplets.
Parity and gestational age at delivery S James et al multiple births. Women with ART singletons are at increased risk of complications of pregnancy, including preterm delivery, 12, 14 however, this does not appear to be the case for twins. 12, 14, 15 The incidence of preterm delivery of ART twins is the same as that for spontaneous twins;
12,14 a recent study comparing 193 assisted with 369 unassisted twins found no significant difference in GA at birth. 15 In our study, nulliparous women pregnant with twins or triplets were more likely to be Caucasian, highly educated, begin prenatal care early and be nonsmokers. Nulliparous women pregnant with quadruplets were more likely to be highly educated and nonsmokers. These factors may be associated with women who undergo ART, however data on which pregnancies involved ART are not provided in the birth records, so it is not possible to make a definitive statement on the possible relationship between use of ART and GA at birth. It is possible that a higher proportion of nulliparous women conceived through ART and the earlier GA at delivery observed in this group may be due to higher prevalence of ART and not nulliparity. However, data in twins do not support a relationship between ART and earlier GA, and subgroup analysis from this study also suggests an independent effect of parity. A later GA at delivery is observed in parous Caucasian and AfricanAmerican women pregnant with twins or triplets at every level of education, even in women with less than 13 years of education (Figure 1 ). The effect of parity was observed in women less than 20 years of age (Figure 2 ). Younger women (less than 30 years old) and women with less than 13 years of education are less likely to have conceived through ART. 16 Oligohydramnios, incompetent cervix, pregnancy-induced hypertension and eclampsia were reported more frequently in nulliparous women carrying twins or triplets, and induction was reported more frequently in nulliparous women pregnant with twins. These factors may have contributed to the observed difference in GA at delivery, although the differences in complication rates between groups were often small. To control for these potential effects, regression analysis was conducted. The effect of parity on GA at birth remained (Table 3) .
There are several limitations of this study. One limitation of using vital statistics records is that there is a risk of reporting errors. These errors may include information received from the mother, transcription errors and other problems associated with accumulating large amounts of information. 17 An additional limitation is that the use of GA at delivery as an outcome in research can be problematic. 17 Estimates of GA from US birth certificates are used extensively for measures of neonatal mortality, preterm birth and perinatal outcome. However, there are multiple ways to assess GA including last menstrual period (LMP), examination of the newborn, and ultrasound. 17 In the birth records from the time frame used in this study, GA was estimated based on LMP, or when LMP was unavailable, on a clinical estimate after examination of the newborn. Errors in LMP-derived GA arise from mistaking first trimester bleeding for a menses, irregularity of the menstrual cycle and individual variation in the length of the follicular phase. 17 Maternal uncertainty of the date of the LMP can result in reporting preference of certain days of the month, with day 15 the most commonly reported. 17 Missing or inaccurate data are obtained more frequently from younger, poorer, less educated, uninsured, non-White, unmarried women with late or no preterm care. 17 The primary effect of parity observed in this study, however, appeared consistently and is unlikely to be due to a systematic bias in calculating GA at birth in nulliparous versus parous women.
Because this study relied on vital statistics records, we did not have access to potentially important covariates such as If these women are inherently more likely to carry a pregnancy longer, this might contribute to the increased GA at delivery observed here in parous women. Given the role that ART plays in multifetal gestation, and the choices that women make in deciding to undergo ART, further research should address potential systematic differences between patients who choose to get pregnant again and nulliparous patients. These issues must be addressed in prospective studies that can examine maternal and medical factors with the potential to influence duration of gestation. Finally, although a large data set allows for an opportunity to control for large numbers of factors known to affect GA at delivery, statistical significance can be established with relatively small actual differences in findings. Our finding of an approximately additional week of gestation in multifetal pregnancies born to multiparous women is not only a statistically significant finding, it is also clinically significant. In the United State, 55% of all infant deaths in 2004 occurred in the 2% of infants born at less than 32 weeks GA. 18 Infant mortality rates for infants born between 34 and 36 weeks GA were three times those for term (37 to 41 weeks) infants. 18 Data in this study demonstrate important differences in the proportion of births at these important times points between nulliparous and parous women.
Our results suggest a need for heightened clinical awareness, and further research to more fully explore the relationship between parity and GA. Future research should include validation of the role of parity on gestational duration, the role of ART and elucidation of the reason(s) for the relationship between parity and GA. Research should also focus on possible biochemical explanations for this relationship, including the cellular mechanism behind parity and improved gestational length. The finding that the majority of the increase in GA appears due to a single previous pregnancy (Figure 4 ) is clinically important, in that women with a single previous pregnancy appear to benefit, but may also be important in identifying underlying biochemical changes that occur with a single pregnancy. Clinically, this information may be useful in monitoring multifetal gestations in nulliparous women. Preterm delivery risk stratification allows clinicians to better manage pregnancies, including identifying appropriate patients for referral to tertiary or high risk centers, administration of steroids and beginning treatment with tocolytics. Our data add to the ability to make these important decisions.
